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THE EFFECT OF VARIOUS INDICATORS 
ON THE TIME OF SET AND PH OF THE SILICIC ACID GELS 
Int reduction 
This work is a continuation of the work started by 
M. J. Suterl. The first part of the work consisted in repeating 
with extreme accuracy the work already done. Next, the work was 
continued under the careful guidance of Professor Hurd. The 
method of determining the PH values of setting ~els by indicators 
has long been in use. It is very useful, but not as accurate as 
the electrometric method, as the measurements can be made in a 
short time. The purpose of the research was to find out whether 
the gels affect the various indicators. This was done by measuring 
the time of set and the PH of the gels. The following indicators 
were considered in the work: 
1. Methyl orange 
2. Phenolpthalein 
3. Congo red 
4. Alizarine 
5. Para-nitro-phenol 
6. Cresol green 
Historical 
The study of the time of set of silicic acid gels as 
a function of the temperature has been thoroughly investigated by 
H. N. Holnes2, H. Letteron3, and others. It was found by them that 
an increase in the temperature decreases the time of set. They 
also found that the time of set also depended upon concentrations 
of acid and water glass, or in other words, on the PH of the gel. 
2 •. 
Mata Prasad and R.R. Hattiangadi4,5,6 found that for gelation to 
be a minimum the mixture must be slightly alkaline. They also 
studied the effect of a common ion. Their work shows that an 
increase of ammonium acetate decreases the time of set. The work 
of Rothemich7 and Carver8 shows that the addition of pyridine 
decreases the time of set, while alcohols hasten basic and delay 
acid gels. Using ordinary indicators, they found that there was 
an increase in hydrogen concentration during gelation when gels 
were basic, and no change when the gels were acid. Carver studied 
carefully the effect of ethyl alcohol on the time of set and the 
PH of the acid gel, and found that increasing amounts of alcohol 
increase the time of set, but have no effect on the PH of the gel. 
lill.J2§:ratus 
Since it was known that any change in temperature had a 
marked effect on the time of set of the gels, a thermostat which 
could be regulated and kept at a desired temperature (250 C.) was 
necessary. The one in the front laboratory was used. Much time 
was spent in sealing the tank so that it would hold water. Finally 
a paste composed of powdered asbestos and waterglass did the 
trick. The panel of the thermostat had to be rewired so that it 
could be run from a 110 A.C. (60 cycle) current. Following the 
description of other apparatus will be found a diagram of the 
panel. 
The acetic acid used was glacial acetic 99.5%. This 
was diluted to the normality desired. The sodium silicate used 
was ordinary commercial Brand "E" water glass, furnished by the 
Philadelphia Quartz Company. It has the following weight ratio: 
Na20:Si02: 1:3.25. This was diluted to a specific 
• 3 • 
gravity of 1.115 by means of a hydrometer, and this concentration 
of sodium silicate was used throughout the research work. 
The indicators were made up according to concentrations 
given in Fales9, CohenlO, theses of Suter, and suggested by the 
advisor. The para-nitro-phenol was 11\Y ovm preparation, with the 
aid of Professor Schmidt. The indicators were weighed out carefully 
and the following concentrations were used: 
Indicator 
Methyl Orange 
Methyl Orange 
Phenolpthalein 
Congo Red 
Congo Red 
Congo Red 
Alizarine 
Alizarine 
Para-Nitro-Phenol 
Para-Nitro-Phenol 
Cresol Green 
Concentration 
.0007 Min water 
.01 Min water 
.01 Min 50% alcohol 
.001 Min water 
.0005 Min water 
.004 Min 50% alcohol 
.001 Min water 
.008 Min 50% alcohol 
.005 Min water 
.01 Min 50% alcohol 
.005 M Lamotte Company 
Suggested by 
Fales 
Hurd 
Suter 
Hurd 
Hurd 
Hurd 
Fales 
Hurd 
Cohen 
Hurd 
Measurement of volumes were made by means of pipettes 
and burettes. The gel was considered set when a three millimeter 
rod, 10 cm. in length, would stand at an angle of 200 with the 
vertical. A test rod was also used. It was a 2 mm., 10 cm. rod. 
This rod would stand up a few minutes before the other, and the 
approximate time of set could be found. Thus this increased the 
efficiency of measuring the time of set. 
One hundred cc. pyrex beakers were used in the preparation 
of gels. The water glass was placed in a hundred cc. beaker. The 
acid, indicator, and water were placed in another beaker. In mixing, 
the acid solution was poured into the water glass. The whole solu- 
tion was thoroughly stirred and placed in the thermostat. The total 
volume was kept constant - 80 cc. The gel was composed of 35 cc. of 
acetic acid, 25 cc. of water glass, and varying amounts of indicator 
e 
0 
4. 
from one to twenty cc., or twenty to one cc. of water. Thus the 
amount of indicator plus water at all times was kept at 20 cc. 
In determining PH of gels the electrometric method was 
employed. This consisted of a saturated calomel electrode, a 
platinum electrode, and a quinbydrone potentiometer. The saturated 
calomel was made according to description given in Daniels, Mathews 
and Williamsl3. The quinhydrone was added in solid form to the 
whole mixture. The addition of this ~uinbydrone had no effect on 
the time of set as found by Malonel2. The work of Prasad and 
Hattiangadi showed that the PH of acid gel mixtures does not change 
on gelation. This was confirmed a few weeks before this work by a 
fellow classmate, R. Griffeth (1934). 
Results 
All the gels set in about four hours. It was possible 
to determine the time of set to within one minute accuracy. Four 
or five runs were made for each concentration of indicator to 
measure time of set. Additional or duplicate runs were made too, 
measuring changes in PH. Four to five runs were taken for each 
indicator, but in showing the results in the following tables, 
the averages of these sums will be taken. 
Table I shows results when 1 to 20 cc. of Methyl Orange 
(.0007 M) and corresponding amounts of water were added to make 
up a total of 20 cc. mixture of Methyl Orange. The temperature is 
25° C. The acid in this run was 2.04 Normal, and the run was made 
as previously described. 
Table II shows the same for (.01 M) Methyl Orange, other 
conditions being the same as in Table I. 
5. 
Table III, Part 1, shows the results when 1, 2, 3, 4, 5, 
10, 15, and 20 cc. of .01 M Phenolpthalein (50% alcohol solution) 
and corresponding amounts o.f water to make up a total of 20 cc. of 
indicator water mixture were added. The temperature is 25° C. The 
acid used was 1.8 Normal. Solutions were made up in the standard 
way. A duplicate run was made on 1, 2, 3, 4, 5, 10, 15, 20 cc. of 
50% alcohol water mixture. Part 2 shows the retardation in minutes 
due to phenolpthalein. This retardation is obtained by subtracting 
time of set of the indicator solutions from the corresponding 
one for 50% alcohol solution. 
Carver had found that the introduction of alcohol into 
a gel does not in any way affec~ the PH. This was repeated, and 
found to be true. Table IV contains the data which shows how the 
PH changes in gels containing phenolpthalein as they set. 
Table V contains data on a water solution of .001 M 
Congo Red. Congo Red is deep red in water or alcohol solutions. 
It turns blue in acid, and remains that color when the acid in- 
dicator mixture is added to the silicate. 
Table VI contains similar data for Congo Red .0005 M 
water solution. 
Table VII, part 1, contains similar data for Congo Red, 
.004 M 50% alcohol solution. Part 2 shows the retardation in 
gelation due to Congo Red. 
Table VIII contains similar data for Alizarine (.001 M) 
water solution. Alizarine is red in water solution. When placed 
in acid it turns green. The mixture of acid and silicate is red. 
Table IX contains data for (.008 M) in 50% alcohol. 
6. 
water. 
Table X contains data for Para-nitro-phenol (.005 M) in 
The indicator was made according to the description given 
in Cohen. This indicator is green in color in water, colorless 
in acetic acid, and a very light green in a mixture of acid and 
silicate. 
Table XI contains data for .01 M Para-nitro-phenol in 
50% alcohol solution. 
Table XII contains data for Cresol Green (.005 M). This 
was a commercial indicator furnished in solution form. Its chemical 
name is Tetra-Brom-m-Cresol-Sulphon-Pthalein. This indicator is 
green in its original form. It turns red in acid, and changes back 
to green in a mixture of acid and silicate. 
Discussion of Results 
Methyl Orange - Tables I and II. 
Methyl orange appears to hasten gelation up to concen- 
trations of 100 x 10-5 gram mols per liter. This decrease in time 
of set appears to be a constant amount up to this point. Beyond 
this point increasing amounts of indicator tend to hasten gelation 
still further. There were no color changes, and from this it is 
deduced that there was no change in the composition of the indicator. 
Phenolpthalein - Tables III and IV. 
Phenolpthalein appears to retard gelation. In this case 
the theoretical time of set shows that phenolpthalein lengthens the 
time of set. As the indicator is in a 50% alcohol solution, duplicate 
runs were made with equivalent amounts of alcohol. The theoretical 
time of set is the time of set for the indicator minus the effect 
due to the alcohol. During gelation there was a slight increase 
7. 
in PH independent of the amount of indicator used. This increase 
is due to the phenolpthalein and not to the alcohol, because dupli- 
cate runs on equivalent amounts of alcohol show this. Carver, who 
had also studied the effect of alcohol on gels, came to the same 
conclusion. 
Congo Red - Tables V, VI, and VII. 
Increasing amounts of Congo Red in water solution appear 
to hasten gelation, and the alcohol solution appears to lengthen 
the time of set. Alcohol solutions were used because during 
gelation in water solutions a finely divided precipitate was dis- 
tributed throughout the gel. This precipitation also took place 
to a lesser degree in alcohol solution of the indicator. To prevent 
precipitation the gel mixture must be sealed in bottles. Apparently 
it is due to oxidation. There is no apparent change in PH of gels. 
Aliz~rine - Tables VIII and IX. 
This indicator in water solution seems to decrease the 
time of set. It appears to be independent of the amount of indicator 
used. In alcohol solution it appears that it retards gelation. The 
PH of gels containing water solution goes through the same process as 
• 
phenolpthalein, but in alcohol solution a change in PH cannot be 
noticed. Evidently there must be reaction between the alcohol and 
the indicator, or the water and theindicator. 
Para-Nitro-Phenol - Tables X and XI. 
Para-nitro-phenol retards gelation in both alcohol and 
water solutions. In either case there is no change in PH. For the 
water solution the retardation appears to be a constant quantity, 
independent of the amount of indicator used. In the alcohol solution 
8. 
of*the indicator the retardation increases rapidly with increasing 
amounts of indicator. The para-nitro-phenol used was a student 
preparation furnished by Dr. Schmidt. It was repeatedly recrys- 
talized from Xylene. 
Cresol Green - Table XII. 
Cresol green also retards gelation. The retardation is 
independent of the amount of indicator used. There was apparently 
no change in the PH. 
9 • 
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Table I 
Time of Set with Met~l Orange (.ooo.7_Ml 
~ All concentrations inAmoles per liter 
Water Glass Acetic Acid Meth.Yl Orange Time Color Change 
Hrs.Min.Sec. and PH " .169Na20-.561Si02 .876 0 x 10-6 4 36 none 
" " " 8.8 x 10-6 4 28 " " " " 17.5 " " " " " " 26.2 " " " ft " ft 35.0 " " fl " " ft 43.8 " " ff ft ft " 52.5 " " " " fl ti 61.3 " " " " " " 70.0 " fl " " " " 79.0 " " " ft fl tt 88.0 tt tt ,, 
" " " 96.5 ti ti fl ft fl n 105. 2. " tt " ft ti " 114.0 ,, ti tt " It " 123.0 " " ft " " " 132.0 " " " " " ti 140.5 " " " " " ti 149.2 tt " " " fl " 158.0 " " " " 11 " 167.0 " " " " ft n 176 .o " " " 
Temperature 250 c. 
Solution: 35 cc. Acetic acid 
25 cc. Water glass 
20 cc. Water and Met:tzy'l orange 
Table II 
Time of Set with Met~l Orange ( .oi M) 
All concentrations in gram mols per liter 
Water Glass Acetic Acid Methyl Orange Time Color Change Hrs .Min. Se.c. --E:nd PH" .169Na20-.561Si02 .876 0 x 10-5 4 36 0 none " " ti 12.5 x 10-5 4 28 30 fl " " fl 25.0 4 28 24 ,, II fl II 37.5 4 28 18 " IT II II 50.0 4 28 40 " " II ti 62.5 4 28 34 ti IT fl II 75.0 4 28 38 ti fl II II 87 e 5 4 28 22 II n 11 ff 100.0 4 27 54 " tt 11 fl 112.5 4 27 48 fl ti II fl 125.0 4 26 0 fl ti " !! 137.5 4 25 54 II II I! If 150.0 4 25 0 II II II I! 162.5 4 24 30 II " If !! 175.0 4 24 6 II II " II 187.5 4 23 0 slight ppt. II fl I! 200.Q 4 22 30 ppt. ti Ii I! 212.5 4 22 6 It II II fl 225.5 4 21 40 II TT It " 237.5 4 21 0 n II I! II 250.0 4 20 0 II 
Temperature 250 c. 
Solution: 35 cc. of Acetic acid 25 cc. of Water glass 
20 cc. Water and Methyl orange 
A slight precipitate appeared in samples which con- 
tained 15 cc. or more of .Ol M Metlzy'l orange solution. 
Table III (Part 1) 
Time of Set of .01 M Phenolpthalein in 5~ Alcohol Solution 
All concentrations in gram mols per liter 
Water Glass Acetic Acid Phenobthalein Time PH 
Hrs.Min.Sec. Start End 
.169Na20-.561Si02 .798 0 x 10-5 3 12 0 4.55 4.63 
n n " 12.5 x 10-5 3 14 52 " " " " " 25.0 3 15 36 " " " " " 37.5 3 17 39 n n " " " 50.5 3 20 12 " n " n " 62.5 3 25 20 n " 1T " " 125.0 3 53 42 " " " 1T " 187.5 4 34 28 " ,," " " 250.0 4 49 30 " " 
remperature 250 c. 
Solution: 35 cc. of Acetic acid 
25 cc. of Water glass 
20 cc. Water and Phenolpthalein 
• 
Water Glass Acetic Acid cc. of 50~'Alc. Time PH Change 
Hrs.Min.Sec • • 169Na20-.561Si02 • 798 1 cc. 3 10 48 none 
fl fl " 2 cc. 3 13 42 " n n " 3 cc. 3 14 33 II " " TT 4 cc. 3 17 39 " " " " 5 cc. 3 18 33 n n " " 10 cc. 3 35 30 n " " ft 15 cc. 3 53 45 " fl " " 20 cc. 4 22 0 fl 
remperature 250 c. 
3olution: 35 cc. Acetic acid 
25 cc. Water glass 
20 cc. 50% Alcohol plus water 
Part 2 
~ Phenolpthalein Retardation due to 
Phenolpthalein 
min. sec. 
Theoretical time of 
set if phenolpthalein 
was soluble in water 
Hrs. min. sec. 
3 16 6 
3 13 54 
3 15 6 
3 14 33 
3 18 47 
3 20 12 
3 52 43 
3 39 0 
1 12.5 x 10-5 4 6 2 25.0 1 54 
3 37.5 3 6 4 50.0 2 33 5 62.5 6 47 LO 125.5 8 12 L5 187.5 40 43 m 250.0 27 0 
Table IV 
1 cc. Sample of Phenolpthalein (.01 M) 
Time in minutes PH 
0 4.55 55 4.57 80 4.57 133 4.62 After set 4.63 
5 cc. Sample of Phenolpthalein (.01 M) 
Time in minutes PH 
0 4.55 30 4.57 60 4.62 90 4.62 
120 4.62 150 4.62 After set 4.63 
10 cc. Sample of Phenolpthalein (.01 M) 
Time in minutes 
0 
5 
10 
30 
45 After set 
PH 
4.55 
4.57 
4.60 . 
4.60 
4.60 
4.63 
15 cc. Sample of Phenolpthalein (.01 M) 
Time in minutes 
0 
10 
20 
40 
210 
240 
After set 
PH 
4.55 
4.55 
4.57 
4.57 
4.60 
4.62 
4.63 
Table V 
Time of Set with Congo Red {.001 M) 
All concentrations in gram mols 
per liter 
Water Glass Acetic Acid Congo Red Time Color Change 
Hrs.Min.Sec. and PH " 69Na20-.561Si02 • 798 0 x 10-6 3 11 0 none 
n " n 12.5 x 10-6 2 58 0 " " " " 25.0 2 56 47 " " " " 37.5 2 54 52 " " " " 50.0 2 54 25 slight ppt. " " " 62.5 2 50 38 ppt. " " " 125.0 2 50 0 " " " " 187.5 2 50 0 " " " " 250.0 2 50 0 n 
mperature 250 c. 
lution: 35 cc.' Acetic Acid 
25 cc. Water glass 
20 cc. Congo Red and Water 
Table VI 
Time of Set with Congo Red (.0005 M) 
All concentrations in ~ram mols per liter 
Water Glass Acetic Acid Congo Red Time Color Change 
Hrs.Min.Sec. and PH " 69Na20-.561Si02 .798 0 x 10-6 3 10 0 none 
" " " 6.25 x 10-6 3 0 6 " " " " 12.5 2 58 12 " " " " 18.75 2 57 0 " " " " 25.0 2 56 40 " " " " 31.25 2 57 0 tr " It " 62.5 2 49 0 ppt. " " " 87.5 2 49 0 " " " " 125.0 2 49 0 " 
mperatQre 25° C. 
lution: 35 cc. Acetic acid 
25 cc. Water Glass 
20 cc. Congo Red and Water 
) 
Table VII 
Time of Set for Congo Red (.004 M2 in 50% Alcohol Solution 
All concentrations in gram mols per liter 
Water Glass Acetic Acid Congo Red Time Color Change 
Hrs.Min.Sec. and PH " 
169Na20-.561Si02 .798 0 x 10-4 3 10 0 ~~re; 
" " " 5 x 10-4 3 23 0 " " " " 25 3 27 0 " " " " 50 4 5 0 " " " " 75 4 38 0 " " " " 100 5 9 0 " 
From Table III values for 1, 5, 10, 15, 20 cc. of 50% alcohol gels. 
.££•of Alcohol (50%) 
l 
5 
10 
15 
20 
Time of Set 
Hrs.Min.Sec. 
3 10 48 
3 18 33 
3 35 30 
3 53 45 
4 22 0 
Part 2 
l 
5 
10 
15 
20 
Retardation 
Min. Sec. 
13 0 
7 30 
29 30 
44 15 
70 0 
~of Congo Red 
Table VIII 
Time of Set with Alizarine (.001 M) 
All concentrations in gram mols per liter 
Water Glass Acetic Acid Alizarine Time PH 
Hrs.Min.Sec. Start End 
169Na20-.561Si02 .798 0 x 10-6 3 10 0 4.55 4.63 
" " " 12.5 x 10-6 2 59 0 " n " " " 25.0 2 59 0 " " " " " 37.5 2 59 0 " " " " " 50.0 2 " " 59 0 11 11 " 62.5 2 59 0 " " " fl " 125.0 2 59 0 " " " " " 187.5 " " 2 59 0 " " " 250.0 2 11 59 0 fT 
emperature 250 C. 
:olution: 35 cc. Acetic Acid 
25 cc. Water Glass 
20 cc. Alizarine and Water 
Table IX 
Time of Set with Alizarine=:l~Q~Ml in 50% Alcohol Solution 
All concentrations in gram mols per liter 
Water Glass Acetic Acid Alizarine Time 
Hrs.Min.Sec. 
169Na20-.561Si02 .798 0 x 10-4 3 11 
" " " l x 10-4 3 31 n n " 5 3 52 " " " 10 4 43 " " " 15 4 42 " n " 20 4 41 
PH 
Start End 
3.55 4.63 
" " slight ppt. 
ppt. 
" 
" 
etardation due to Alcohol 
.m!n. sec. 
Retardation due to Indicator 
min. sec. 
cc. 0 48 
cc. 6 33 
cc. 23 30 
cc. 41 45 
cc. 60 10 
20 
41 
92 
91 
90 
0 
0 
0 
0 
0 
Theoretical 
Time of Set 
Hrs.Min.Sec. 
3 30 12 
3 46 27 
4 19 30 
4 0 15 
3 41 50 
emperature 250 c. 
olution·. 35 c A t• "d c. ce ic aci 
25 cc. Water glass 
20 cc. Alizarine and Water 
Table X 
Time of Set of Para:NI'tro-Phenol (.005 M) 
All concentrations in gram mols per liter 
Water Glass Acetic Acid Para-n-.Qhenol Time PH Chan~ 
0 x 10-6 
Hrs.Min.Sec. 169Na20-.561Si02 .798 3 12 none 
" " " 6.25 x 10-6 3 14 " " fl " 12.50 3 14 " " fl ti 18.75 3 14 " " " " 25.0 3 14 " " " " 31.25 3 14 " " " " 62.5 3 14 " " " " 87.5 3 14 " " " " 125.0 3 14 " 
emperature 250 c. 
olution: 35 cc. Acetic acid 
25 cc. Water glass 
20 cc. Para-Nitro-Phenol and Water 
Table XI 
Time of Set with P-N-Phenol (.01 M) in 50% alcohol Solution 
All concentrations in gram mols per liter 
Water Glass Acetic Acid Para-n-:Qhenol Time PH Chang_g_ 
Hrs .Min •. Sec. 
69Na20-.561Si02 .798 0 x l0-5 3 12 none 
n " n 12.5 x 10-5 3 25 " " " " 62.5 3 53 " " n " 125.0 4 14 " " " " 187.5 4 55 " " 11 ff 250.0 5 7 " 
Theoretical time of Set= Above time of Set minus retarda- 
on due to Alcohol. 
cc. of Indicator Theoretical Time 
Hrs. Min. 
of Set 
Sec. 
1 
5 
10 
15 
20 
3 24 
3 46 
3 50 
4 13 
4 6 
12 
27 
30 
15 
50 
mperature 250 c. 
lution: 35 cc. Acetic Acid 
25 cc. Water glass 
20 cc. Para-Nitro-Phenol and Water 
Table XII 
Time of Set for Cresol Green 
All concentrations in gram mols per liter 
Water Glass Acetic Acid Cresol Green Time PH Change 
Hrs. Min. 
69Na20-.561Si02 • 798 0 x 10-5 3 11 none 
" " " 62.5 x 10-5 3 27 " n " " 312.5 3 27 II " " " 625.0 3 27 " 
